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4. Experimental section

4.1 Materials

Acrylamide (AM): Purity ≥99%, CAS 79-06-1; purchased from Aladdin Biochemical 

Technology Co., Ltd. (Shanghai, China). (3-Acrylamidophenyl) boronic acid 

(AAPBA): Purity ≥97%, CAS 99349-68-5; purchased from Aladdin (Shanghai, 

China). GO: Improvised; PVA (1799): Degree of polymerization 1700, MW ~78000-

82000 g/mol, hydrolysis degree 98~99%, CAS 9002-89-5[7]; MBA: Purity ≥99%, 

CAS 110-26-9[10]; all purchased from Aladdin (Shanghai, China).

4.3 Characterization methods

Fourier-transform infrared (FTIR) was performed using a Vertex70 (Bruker, Germany) 

in the range of 4000–500 cm−1. The morphologies of the freeze-dried elastomer were 

characterized by scanning electron microscopy (SEM) using a Quanta 450FEG-SEM 

(FEI, USA). X-ray diffraction (XRD, Bruker D2 Phaser, Germany) patterns were 

performed under Cu Kα radiation (λ = 1.54 Å).

4.4 Mechanical Tests 

The mechanical performance of the elastomer was characterized using a TA.XTC-18 

mass tester (Shanghai BaoSheng, China). Column hydrogel specimens with a length 

of 20.0 mm and diameter of 6.0 mm were used for the tensile tests, and the extension 

rate was set to 50 mm/min. The cyclic compression performance of the elastomer was 

characterized using cylindrical specimens (diameter: 6 mm; height: 10 mm) with a 

constant compression rate of 5 mm/min at room temperature. The time interval 

between cycles was set to 60 seconds. The tensile stress σt was calculated as follows: 

σt = Ft /πr2, (Ft is the tensile force at strain t of cylindrical hydrogel sample (N), and r 

is the original radius of the specimen (mm)). The tensile strain εR is defined as the 

change in the grip separation relative to the initial length, εR = [LR-L0/L0]× 100% (LR 

is the grip displacement during testing, and L0 is the length of the sample before tests). 

The tensile fracture stress or tensile strength (σb) and the tensile fracture strain or 



elongation at break (εb) are the tensile stress and strain at which the specimen breaks, 

respectively.

4.5 Self-healing Tests

The self-healing elastomer was subjected to tensile and compression tests using a 

TA.XTC-18 mass tester (Shanghai Baosheng, China) to quantify their self-healing 

efficiency (SE). Cylindrical specimens of elastomer (length = 25.0 mm, diameter = 

6.0 mm) were cut into two halves. The cut surfaces were then placed together without 

applying external pressure to allow self-healing and were carefully sealed to avoid 

water evaporation from the elastomer. The stretchability of the A35P5B17.5M15GO1.5  

was determined after healing for 0.5 h, 1 h, 4h and 6 h.

The stress self-healing efficiency, SEσ = σs /σo× 100%, and strain self-healing 

efficiency, SEε = εs /εo× 100%, were calculated, where σs and εs are the tensile stress 

and strain of the self-healing specimen, respectively, and σo and εo are the tensile 

stress and strain of the original specimen without cutting, respectively.

4.6 Rheological Measurements 

The rheological behavior of the A35P5B17.5M15GO1.5 was analyzed using a modular 

compact rheometer (MCR 302; Anton Paar, China). The samples were prepared as 

round specimens (thickness: 1 mm; diameter: 25 mm). A strain scan test of the 

A35P5B17.5M15GO1.5  composite hydrogel was performed at strains ranging from 0.1% 

to 1000% and a frequency of 10 rad/s. Step strain sweep measurements were 

conducted at a frequency of 10 rad/s, and the strain was changed from 1% to 300% to 

achieve a strain failure. Self-healing experiments were performed at room temperature 

unless otherwise stated. 

4.7 Electrical and sensing performances 

The electrical conductivities of the elastomers were measured using an Autolab 

electrochemical workstation (Aptar, Switzerland, Europe). The sensing performance 

of the elastomer for various human activities (e.g., finger, wrist, and knee movements), 

as well as for throat movements, was characterized by placing the elastomer at 

appropriate locations.

The relative resistance (ΔR/ R0) was obtained using Equation (1): 



ΔR/ R0= (R– R0)/ R0= (I0–I)/ I                    (1)                                        

where I0 and I denote the initial and real-time currents, respectively. R and R0 are the 

resistances with and without the applied strain, respectively. The strain sensitivity of 

the hydrogel was evaluated using the gauge factor (GF) and calculated using Equation 

(2): 

GF = (R – R0)/ (R0 × ε)                                (2)                                            

where R0, R, and ε are the pristine resistance, real-time resistance, and strain, 

respectively. 

The conductivities were assessed using the AC impedance method over the frequency 

range of 10-1–106 Hz. The conductivity σ (S m-1) was obtained using Equation (3): 

σ = d/R × A                                             (3)

where d, R, and A are the distance between adjacent electrodes, impedance, and 

cross-sectional area of the samples, respectively.

The dimensions of the elastomer sensors for all the sensing characterization 

experiments were approximately 60 mm (length) × 10 mm (width) × 2 mm 

(thickness).

Fig. S1  SEM imae of GO 



Fig. S2  SEM image of hydrogel cross-section and TGA , (A) (C)A35P5B17.5M15 ,

(B) (D)A35P5B17.5M15GO1.5  

Fig. S3  A35P5B17.5M15 hydrogels show excellent self-healing and recovery under (A)self-healing 

post-stretching, (B)extrusion, (C)compression and (D)knotting conditions, (E)Digital photographs 

of hydrogels with different GO contents



 Fig. S4 Cyclic tensile and compression of A35P5B17.5M15GO1.5 at different strains, (10 cycles) 

(a)100%, (b)200% and (c)500% stress-strain, (d-f) for 100%-500% stress-time plots, (g)90% 

strain-stress cyclic compression and (h)stress-time

 Fig. S5 Self-healing mechanism of hydrogels mediated by dynamic chemical bonds


